for the Get With the Guidelines-Resuscitation Investigators IMPORTANCE Informing patients and providers of the likelihood of survival after in-hospital cardiac arrest (IHCA), neurologically intact or with minimal deficits, may be useful when discussing do-not-attempt-resuscitation orders.
I n-hospital cardiac arrest (IHCA) is common in the inpatient setting. In 1 study of 13 400 patients admitted over 2 years at a teaching hospital, approximately 2.5% experienced an episode of IHCA. 1 Data from more than 400 hospitals participating in Get With the Guidelines RegistryResuscitation (GWTG-R) found that there are an estimated 192 000 treated episodes of IHCA annually in US hospitals, an event rate of 0.92 per 1000 patient days. 2 Overall survival to discharge after treated IHCA is approximately 18%, with about half of those patients neurologically intact or with only mild neurologic deficits at discharge. 3, 4 Because IHCA is common and has potentially devastating outcomes, discussion of patient wishes regarding resuscitation or "code status" is important. Do-not-attempt-resuscitation (DNAR) orders are written when cardiopulmonary resuscitation (CPR) is unlikely to meet the patient's treatment goals of long-term, neurologically intact survival. 5 Presumably, information about prognosis would be helpful as part of a shared decision regarding DNAR orders. When patients and their physicians are discussing a DNAR order, a question that may arise is, "If I experience cardiopulmonary arrest and receive CPR, how likely am I to survive to discharge?" However, previous attempts to develop clinical decision rules that predict survival to discharge after IHCA have been limited by small sample size, inclusion of periarrest variables not knowable before arrest, and inconsistent validation. [6] [7] [8] [9] [10] [11] [12] [13] In this study, we use data from the national GWTG-R of IHCA episodes (formerly the National Registry of Cardiopulmonary Resuscitation) to develop and validate a clinical decision rule for prediction of survival to discharge with good neurologic status. Patients and their physicians could potentially use this information when making decisions about DNAR orders.
Methods

Population Studied
The GWTG-R has gathered data on more than 160 000 episodes of IHCA in children and adults at 366 hospitals in the United States, beginning in 2000. Details of this data set, including data collection methods using the Utstein template, 14 have been published elsewhere. 3 We limited our analysis to adults experiencing an initial (index) episode of pulseless IHCA between January 1, 2007, and December 31, 2009. Index arrests were used because they are most relevant when discussing DNAR orders at admission, and only the most recent 3 full years of data were used to most closely reflect current outcomes and clinical practice. We excluded survivors who did not have an assessment of cerebral performance at discharge (3787 of all 27 088 survivors [14.0%]). The final cohort for this study had 51 240 patients and was randomly divided into data sets for training (44.4% of cases), testing (22.2%), and final validation (33.4%) of the clinical decision rule. The mean age of patients experiencing IHCA was 65 years, 58.3% were male, and of those whose race was known, 72.8% were white, 23.3% were black, and the rest were another race. The mean duration of resuscitations was 20.8 minutes.
Outcome (Dependent) Variables
The Cerebral Performance Category (CPC) score was measured as part of the GWTG-R data set at the time of admission and at hospital discharge for survivors. A CPC score of 1 represents good cerebral performance. The patient is conscious, alert, and able to work but might have mild neurologic or psychological deficits (such as mild dysphagia or minor cranial nerve abnormalities). Patients with a CPC score of 2 have moderate cerebral disability and are able to live independently and work in a sheltered environment. Disabilities may include hemiplegia, seizures, ataxia, dysphagia, or permanent memory or mental changes. Patients with CPC scores of 3 through 5 progress through severe cerebral disability, coma or vegetative state, and finally brain death. In a previous study of IHCA survivors, this scoring system was shown to have good validity and reliability. 15 The dependent variable was a discharge CPC score other than 1. The GWTG-R data set included all of the above variables. In addition, we included a number of other prearrest variables from GWTG-R based on clinical reasoning: acute central nervous system (CNS) nonstroke event, acute stroke, arrhythmia, depressed CNS status, congestive heart failure at this or a prior admission, diabetes mellitus, hepatic insufficiency, human immunodeficiency virus positivity, AIDS, metabolic or electrolyte abnormality, myocardial infarction at this or a previous admission, pneumonia, renal insufficiency or dialysis, respiratory insufficiency, septicemia, CPC score at admission, residence before admission (home vs other), and illness category (ie, medical noncardiac). The specific definitions used by GWTG-R are summarized for the final set of predictor variables in Table 1 . Because the focus of this study was on individual risk factors, hospital characteristics were not included as predictors, nor was the location at the time of resuscitation because that might differ from the location at the time of a discussion about DNAR orders. Although African American race was associated with a lower likelihood of survival, we thought this was probably due to differences in resuscitation quality rather than inherent biological factors. 9, 16 Depressed
Predictor (Independent) Variables
Multivariate Analysis
With a large data set such as the GWTG-R, many predictor variables will have a statistically significant association with survival to discharge. However, these associations may not be clinically significant, defined as a clinically meaningful difference in survival between those with and without the clinical characteristic. Therefore, in addition to the variables identified in the previous meta-analysis, only those with an absolute survival difference of at least 3% between patients with and without the variable of interest were included as candidate predictor variables for the multivariate analysis. Clinical characteristics present in less than 3% of patients, such as a diagnosis of AIDS, were also excluded in the interest of parsimony. The final list of predictor variables for the multivariate analysis is shown in Table 2 . We used 2 approaches to identify a parsimonious set of independent variables for the final multivariate prediction model, the Bayesian information criterion (BIC) and the least absolute shrinkage and selection operator (LASSO). [17] [18] [19] Once the variables were selected, a second logistic regression was performed using only those selected predictor variables. We then used the β coefficients of each model to create complex and simplified point scores for each approach.
Point Score Development and Evaluation
For each of the 4 candidate point scores, we identified cutoffs using the training data set to create the following groups according to the likelihood of survival to discharge neurologically intact or with minimal deficit: very low (<1%), low (1%-3%), average (>3%-15%), and higher than average (>15%). Because medical futility has previously been defined both as a likelihood of success less than 3% 20 and as a likelihood of success less than 1%, 21 we present data for both cutoffs. We evaluated the 4 candidate point scores using the test data set to identify the best performing point score, based on our judgment regarding parsimony, simplicity, the greatest number of patients classified in the very low and low survival groups, and the least loss in accuracy when applied to the test set. The accuracy of this final point score was evaluated using the validation data set, which had been held aside and not used in the model development process. We used Stata software (version 11.0; StataCorp) for bivariate analysis (Pearson χ 2 for dichotomous variables), for logistic regression, and to determine the area under the receiver operating characteristic (ROC) curve and the HosmerLemeshow statistic for each model. The area under the ROC curve is also called the C statistic. We used Microsoft Excel software (Microsoft) to calculate the BIC and the predictive values and likelihood ratios for each point score, and R software (version 2.14; R Project for Statistical Computing) to calculate the least absolute shrinkage and selection operator. This study was approved by the Human Subjects Committee of the University of Georgia.
Results
The overall rate of survival to discharge with a CPC score of 1 was 10.4%. The bivariate analysis is shown in Table 2 ; variables were excluded if they were present in less than 3% of patients or if there was less than a 3% survival difference between those with and without the clinical characteristic of interest.
Using the BIC to guide variable selection resulted in a final model with 13 variables (Table 2 ). We performed a second logistic regression using only those 13 final independent variables; the β coefficients for each predictor are shown in Table 3 . The full model had a C statistic of 0.800 and a HosmerLemeshow χ 
Figure. Hosmer-Lemeshow Graph for the Full Model
The Hosmer-Lemeshow graph is shown for the full logistic regression model, which uses variable selection based on the Bayesian information criterion. Table 4 shows the performance of the final point score in the training, test, and validation data sets, as well as for the entire data set. The score performed similarly in each data set, with no loss of overall accuracy as measured by the C statistic from training and test sets (0.77) to validation set (0.78) (see eFigure in the Supplement for the ROC curve). Compared with the other candidate scores evaluated by using the test data set (eTable in the Supplement), the final score classified the highest percentage of patients in both the low and very low likelihood groups and had the lowest percentage of survival to discharge with a CPC score of 1 in those groups. We call this new clinical prediction rule the Good Outcome Following Attempted Resuscitation (GO-FAR) score.
In the validation data set, the GO-FAR score identified 9.4% and 18.9% of patients, respectively, as having a very low or low likelihood of a good outcome (0.9% or 1.7% survival to discharge with a CPC score of 1). Overall, the GO-FAR score identified 28.3% of patients as having a low or very low likelihood of a good outcome, with only 1.4% surviving to discharge with a CPC score of 1 in this group.
Discussion
We have developed and validated a simple scoring system, the GO-FAR score, that can identify hospitalized patients having a very low, low, average, or higher than average likelihood of surviving to discharge neurologically intact or with minimal deficits following CPR for IHCA. This outcome was defined as a CPC score of 1, which means the patient can lead a normal Abbreviations: CPC, Cerebral Performance Category; MI, myocardial infarction. a All differences were statistically significant at P < .05 in the bivariate analysis (Pearson χ 2 test).
b A CPC score of 1 meant that the patient was neurologically intact or had minimal deficits (see Table 1 ).
life and has only minimal neurologic or psychological deficits (eg, mild dysphagia, nonincapacitating hemiparesis, or minor cranial nerve abnormalities). This information could be useful when counseling patients regarding their DNAR status. Because the clinical prediction rule uses information that is known at the time of hospital admission, it could also be built into the admissions process and used to identify patients who have little possibility of benefitting from CPR. Previous research has shown that patients significantly overestimate their likelihood of survival to discharge after CPR for IHCA. In 2 large surveys of community-dwelling adults, participants estimated their likelihood of survival to discharge after inhospital CPR at more than 50% and did not seem to understand that CPR routinely involved intubation and cardioversion. 22, 23 Although physicians could provide guidance regarding the likelihood of survival to discharge, a previous study found that the physicians' survival estimates were inaccurate. 24 Our study had several limitations. First, outcomes at the hospitals participating in the GWTG-R may differ from those of nonparticipating hospitals. However, the large number of hospitals from diverse communities makes that unlikely. Second, we were limited by the clinical variables gathered at admission by the GWTG-R. Other factors (eg, nonmetastatic cancer and serum albumin and hemoglobin levels) may be important predictors but could not be included in our model. Finally, we had data only for patients who actually underwent CPR and had an assessment of CPC score at discharge. Patients who already had a DNAR order written would not become part of the GWTG-R data set, creating a possible systematic bias. For example, if patients with metastatic cancer and poor functional status generally received a DNAR order on admission and those with metastatic cancer but good functional status who were undergoing active treatment did not, the association of this variable with the final outcome might be attenuated. Although one could gather information on all patients rather than just those who undergo CPR, this would not help answer our question because we cannot know patients' outcomes after CPR unless they actually undergo CPR after cardiopulmonary arrest. The strengths of the study include the large, diverse sample; a rigorous process for developing the model and determining the cutoffs for risk groups without using the final validation set; and the use of only the prearrest variables known at the time of hospital admission.
The Patient Self-Determination Act of 1990 25 requires that patients admitted to a health care facility in the United States be asked about the presence of an advance directive such as a durable power of attorney or living will. In some cases, this may include a preference for a DNAR order. The GO-FAR score could be used to provide objective information about the expected outcome after in-hospital CPR, which would be integrated with the patient's values and expectations to optimize decision making about DNAR orders. We do not intend to make a value judgment for patients. In fact, we expect that some patients may decide that resuscitation should be attempted regardless of the expected outcome, and many patients may consider survival with moderate or even severe neurologic impairment to be a good or acceptable outcome. We are developing a web-based tool that could be used to provide patients with general information about CPR and its typical outcomes, assess their values and preferences, and generate patient-specific estimates of outcome (very low, low, average, or higher than average likelihood of surviving after CPR for IHCA neurologically intact or with minimal deficits). In the validation group, patients classified as having a very low or low survival had only a 1.4% likelihood of survival to discharge neurologically intact or with minimal deficit. This information could be shared with a physician or nurse to facilitate a discussion about DNAR orders.
In summary, we have developed and successfully validated a simple clinical rule for predicting survival after inpatient CPR, neurologically intact or with minimal deficits. The GO-FAR score identified 9.4% of patients as having a very low likelihood of a good outcome after CPR (good outcome in 0.9% [14 of 1624] ) and another 18.9% as having a low likelihood (good outcome in 1.7% [54 of 3247]). We believe that this scoring system can provide useful information for patients and physicians and, when integrated with information on patients' values, beliefs, and goals, can productively inform end-of-life decisions and reduce unnecessary suffering.
